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(54) FERROELECTRIC NONVOLATILE MEMORY 

(57)Abstract: 

PURPOSE: To provide a planar type ferroelectric nonvolatile memory 
having an optimum structure. 

CONSTITUTION: A ferroelectric nonvolatile memory is constituted by 
providing a Bi2SrTa209 thin film 3 having a prescribed shape on an Si 
substrate 1 with a buffer layer composed of an MgAI204 thin film 2 in 
between and SrRu03 thin films 4 and 5 on the thin film 2 on both 
sides of the thin film 3 so that the films 4 and 5 can be brought into 
contact with the side walls of the film 3. The thin film 3 constitutes a 
ferroelectric thin film 3 and the thin films 4 and 5 constitute 
electrodes. Then an insulating cap layer 6 is provided on the thin films 

3 and 4 and 5 as a protective film. The face orientations of the 
substrate 1, MgAI204 thin film 2 Bi2SrTa209 thin film 3 SrRu03 thin 
films 4 and 5 are selected so that the substrate 1 and the thin films 2 
and 3 can be roughly lattice-matched to each other and the thin films 

4 and 5 can be roughly lattice- matched to the thin film 2. In another 
example, a (PbTi03)n/(Bi203)m super lattice is used in place of the 
Bi2SrTa209 thin film 3. ' ■ ' • 
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[0 04 1] C©J:^tt?»BW*M{b»jH«^-«. HR 

[0 04 2 ] <fcc3r, SiiftWitty^'jii-c 
<fctfT3B«ffilHK:«IE *EPJJDT* C t Cc <fc 0 S«^ffi^c 

[0 043] CCD«Wtt, #»9!#*C J:5±gB*JSKcS 

30 [0044] ±iBgw*astr c 

[0 04 5 ] c (DfmoM l (D«w«:tec»r tt % Pmtc 

1 o««tt»f t«mK^<t: aw 2 t^fflun 

[ 0 0 4 6 ] 9 1 (ommtmitmrnm^amz <omm 
50 jg*wr*. c^d^*^ hateawfisw-r** 



(8) 
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S. *©— W*»Vf*&. SrRuO, r&£ 0 COS 
rRu0 3 It; JWfVtem&V^uzrxijj bmSSi 

mmote+im (a, b) ©2 i/j t&coinzvmiiLm 

(a = 0. 5 5 6 7 0 nnu b=0. 5 5 3 04nm, 
c = 0. 78446nm) SfLt^S^ Slriif 
CD1/2 1 " f&QlMXCCKSC&ftSftO (a=b = 
0. 3 9 3 nm) , ■^OT*Wtft«j4frHKU* 

C 0 0 4 7 ] flg 1 OV«^i^MtM*sJ:l^l2 V>mm 10 
l£t;Til«*ia. *©T-«**tf*<!:. Sr 2 Ru0 4 
(M gA 1 , 0« ) frhtSi&bCD&m^tl 

[0 049] ccD^©*i©»K«:*5Cir, /<?77 20 

sr 1 ©«steK*M»*«fc«fctfgi 2 <D»*ttBMb«9S« 

itaSrRuO, *>6tt£»£-ictt, WU*. ^ ■;=!.> 

OS^lMbWWni (10 0) IM^rWl, fcf xv 
^JttRtt^tittttttflraK (001) BtfflfeWT 

WWBIBIWIIR^a^*--/ hSUiJMIIB* 30 

*ra»*«aMfc*. masr, ruo, 

0 0 ). Di^fi^WU exv^JKHttttRKflfllfUllff 
I> * 1 OV«imHMVIIb J: OW 2 <D««tt Sfbtt ■ 

(001) H#ffi*irrs-. 

[0 0 5 0] C©|felJf§<DSI 1 0*W<7)fl&©— gQS^KCC 

**i>rt2< A'^riiir, Kfb-fey^A (ce 

[0 05 1 ] CO«WC0»l<D^CC4Bt»r % ^'777 
■#»{fcH2i;i>Afr » 1 ©3»«ttMffc*W«*J 40 

<t0f»2<0SWttM<b«B»«l^a>rx*-< hStirMI 
il^fT^ilttilt^, MitfS'rRuO, j&>6&<& 
0*J;U*. >"j3>ISa (10 0) ffi:fr{i£ 
^7 7rHtt (110) tS:fr{u£WU fc'Xvx 

mmvssmnftmimmmte < 0 0 1 > ffi^&srwu 

* 1 ©**tt»fb«!»il*5 J:CX» 2 OWKttlMbWV ■ 
B(100) IM^ff^o */c, v<y^rlB*W« 
■fey>A*ftttp.. »l(D9SttBk{b«V«t^J:092 

#rfi»»ttH*fbw, rnasf! Ruo 4 frhtz&m 50 
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e> y (100) 
0, v rm\t (110) m-fi&z^b. t^vx^ 
mwsmmimit®imm> m 1 orasttfHMtitb ± 

[0052] c<D§£w<om 1 ©»w©ja&-»w« 

«C*t>TW. tfXv*jM8^*tt»b»«R, Hi 
0^mtt^{b^plM^J:C>'m2 OHg^tt®{b«?^IiJiCD 

tt. T*<Dtrx^X*JBtt5fflHflR««{b«!»BI. MIC) 

mMVMiamm&&tm 2 ©a»si±»{ b«5»jR <t <om 

y ^JB(Dtm<b t/Ctt v A l 2 0 3 , C 

[0 05 3 ] GO*W©»2(D»W(cj:a?SSS«ft^» 

scc^n^nsursswen/c^ 1 ©as«4swb«jsii 

[0 054] CC^^SmiSJC^^, #acc 

tt\ Kfb«9ffi»^-W?»gsmi*Kfb^aSKiSim^{b 

[0 0.5 5] CCt! ^lW<t«}SSJ, <^D:/* 

3t9t««BI{b«l«ir $>otJ:c^ 

[0 0 5 6 ] BHbWiHWT-ttSfc. SlOBi- Offlt?- 
ii^20B i -OH^-li OBK^ft < i^Me-T 

i-OI?I'(/c/cl, Me = Ba, Pb 4 Sr)-4* 

2<DB i -OJ3^m<D5%<D— JiMe-T i -OJIW 1 
[0 0 5 7 ] Z<D¥m<Dm2<0§m$Cto^X . itf&dC 

tawfbftWH* <fcc«& 2 <6av«ttttf b«MM«^< ^ 7 r 
mtimnf&'&Lxm. onh<DJ*~j7 rm. mt 

[ 0 0 5 8 ] m 1 0««t£K{b«fflm«s<fcCf92 
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ft. WiUiS r RuO, r£>£. 
C 0 0 5 9 ] m 1 0«mmt&J«Kfe<t:'aftr2 

it* WT £ g^tt iiHbMi. ±«c*ttf ©*> 6 i&Kfe 
lEOTiMtfft. mBSr.RuO, t?*-5. 
[0060] C ©^©SH 2 <D&W<D— JtftSttCCfct* 

r«. /^77iii/t, •?tf%.*sy a • y;us ^a 
• ^WA (MgA 1, O, ) rt^ftSfecDam^ft. 

[006 1 ] C©#PJI©ff?2©fSBJ3{C:tet,>-C. /f»7r 
Jgtfs-v^fci^A • T-iUS-^A • x e*;i/fr6&9. 
9 1 cW**taSMb*fl*Ii*i «fc^ 2 o9«ttK(t«H«n 
*wo T'x*; ^ h^fttt£«*-rs**ttSNb«. ' W 
iBSrRuO, *»6J&C$^«C«. IflAii. >"J=i> 
Hi, '<»7rl. » 1 ®3flit±ltf bftWBfe J: 2 
©#S8ttK{t^aEffil« (10 0) BB^tfc&WrS. C© 

<bftriintt (ooi) n#tt**rrs. outae 
vmRfbwaia: (oon araa**rr4. 

[00 62] C©^K©^2©^CC*j(,»r. rtvVy 
mtt-?#*i<"5 A ■ T)V*z.+) A - Xt*,M/rt>6fr9. 

* i cDvmaif hmvmb j^m 2 omgKfHMM 

WRBSr.'RuQ, #> 6 fc W^tf. 
>J 3>S«*j v 7 7f(J (10 0) 

u an ©zf ni4K'ft<Bjisjs*j J: o'm 2 ommtmtm 

MRU (001) M^{4€rWT-S„ C©it. KflftfiH' 
tSMf&e«rrs«ft.. CO^ttttltfb'BHfMtt (0 

0 1 ) wjsQ.zm?z. tit. m{t®mm*zmm?2> 

JRt?*4»^. C©txvx^8tK®i^I{*l^taS!!I 
B(00 1)ISMWti. 

[0063] c<D§zm<Dm2<Dmi<z>{«i<D—mM&m<rc 

fc^Tti. ^v7rlil/t, K{t-fey?A (C.e 

[0064] C <D^M<DW 2 ©^HiCijOT . s> 7 r 
BtfMfbHs 0 ft A* 6 ft K> . mi OOTttEMbttiHRfe 

«t tfiir 2 ©^«i4®t'fb*i»M*5-i a * -Y h syss« 

jg^rW-rS^mtt®^^. miJSrRuO, *><E>JfeS 
ti^tCtt. 0*Att\ i"Ja>11g(J (100) 
mu. '<»7rltt (.1 1 0) ffi^&^WO. SlOi 
mitfb«ra*<l:O^2 0OTt»{bftMR» ( 1 0 
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o) iraffi«r-rs. c©i#. BWb«SB«^«:«Bsr 
rst§-&. c©?sgtm(*^b^WM« (ooi) wiittL 

*WT4 v *fc. R4b4^4CT&^T£9»!K{*K{b 
'^«*t^^X*»t«SWl#IMb«B»]lir*4» 
COtfXv^fcHtfSW^ttWttWMIttt (0 0 
1 ) H2rffi«tfrrS. 

[0065] C©^©m2©^Hjjcfc ti -c. /( 5 7t 

Jtawb^y mi<n®?&m<mmm*s 
10 j: wm 2 om&matmtmwmw.'* a t-x * -r f m*s 
a»it**-r*iWMtiwb«i. w«sr, r u o, * 

6&S*§^{c«. 0J;l«\ i"/n>g«« (100)1 
MWl. /'t^ylB ( 1 1 0) ffifr(i£WU fg 

1 ©^mi4^b«i?gii*j«fc c«b 2 ©^mtts?{b©iiiM« 

(001) IM*St5. t©£#. K-ffrBJiBte^fc 
'«WE-T4?8t8Wlfl«{b«fiiil#«^n^* W H**SJ|flJ 
jt£Wf£J£^. 'C©3£K3f*&fbiB»SIgtt (001) 

20 S c © t x v x^ntfi3$«t«»itf b«WR« ( 0 

0 1 ) ffi#<a**rr5. 

[0 06 6 ] C©^?B©S&2©f&iE©Jff&£— ||igJ&J8 

tcfc^-cw.-Mibttfits^. « 1 ©^mtt^{b^?ssito 
<t 2 ©sittnb«iti:©Mi+ + v vm >£ $ 6 

•5. C©iffeS*+ v ^Jg©M?4<k S2 0|S9i 

PJ^tc. T*©Kfb*fiH*HP. fll 1 ©^mfi^fc«J^J® 
*J <t W» 2 ©2§«tt^{b^l3IM i ©^SS#^©H*i* 
*9**<&c»iteli*f$k mti. Al, o 3 . CeO 
30 , . YSZ4i'iiffll,»6h5. 
[0067] 

j^'jicte^xiz. ->';3>ss©ffi^(4. A-^7i 
©W4^ffi7?fic. Kxv^ayitt!i««#M{b«fflnio" 
M^r{4. ^i©3SSttKfb!Bi»|g*jJ:c/m2©#aitt» 

««^s-^$-ii-^ci*i-c#. se.tcmi©^mt4m 

40 {t«fflR4B<bCJW2 ®**f£BHb«HVR£'< ?7 r§ i 

«fe»f b«JWBl*J J:Cf»2 ©^tt^b^HMW^WEn 
Snffl©S@iLTffll,i<=.*a-2,A5. Ch6©SI©^7 7 
rlteJ:^ tTX vx*S«^mKfb«I»KCC*f-r 

»«*®«cW«:&SJ:^{ci5|Sj3-a-4t»^. *©^-S 

50 ^xjmvtmimttmimmmv&mtmzwtoicmm 
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[0068] c<D^m<om2(D^mcx^mmw^m 

1 OOTtt J: 2 ®«W£tttt«9iVR& 

^a^^iiU r Sffir £ C i (c J: 0 -^(DMrtS^ 

lcmm?2>Ct&-C&2> 0 ffifb^iSt&T-a*, m 

1£>B i -OJJimi£Jg2<DB i - OjH^HiO^tC^ 
fr< thMe-T i -OMT-S (fc/cU Me = Ba, 

Pb, sr) ztpmrn^mt oxw Aistcffimzmrz 

j£GT3 6{CSfll<Z>B i -OJR^»:foJ:tfSfl2<DB i - 
0J®flI<D5 ^<D— e-Ti- OJKT*<fc<E>lffl«: 
01* «S r -Ta-OMT-Jf*>S r-Nb-OI^itt 

s^rtt^cfco— »k'< tested mimmfettmtm 

[0.06 9] 

[0 07 0] Hit*. C©»IB©01HSSWtcJ:S?Sif ■ 

[007 1 ] HI fcTjVri: 5tec C^)^mi^F«^t4 
-rf*yCC*Jtirtt. S iSSliCCMgAl, o« MR 
2&Wm*tis CCOMgAl, 0« WR2±**ci»5©&K 
©Bi, S r Ta 2 0 9 WM3#1fJf £nri><£ 0 CCD 
Bi 2 SrTa, 0 9 WR'3«%SmflffK««fiSr 
•Bo C<Z)B i , SrTa, 0 9 SDH 3 ©Mffl»J<D9tfHc 
MMgAl, 0< «BS2JbK:tt. SrRu0 3 SJ^4 
WC/SrRuO, WJR5*sc©B-i, SrTa, 0 9 
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<DSrRu0 3 BBUfc^tfS r Ru0 3 VM5tt«tl 
fniffi«T^ fl Cft^OSrR'uO, »«4*$J: 
tfS r RuO, SMSCDJtfitfiffifcJ^-'S 0 0 /iQ - c 

Bi.'SrTa, 0 9 WM3 s S'rRuO, W 

JBeaww stress. 

[0 0 7 2 ] cc'r, S ilSlfeJ:yMgA i, o 4 

io fi2tt ^rnfe (ioo) iM^wt^o 

B i 2 S r T a 2 0 9 XM3» (001) 

&o SrRuO, »JB4*JJ:a f S r Ru0 3 

\<>?tib (10 0) iM^Wt^o S i g£ 1 

[0 0 7 3] C<Dm&. Bi, SrTa 2 O s MB 3 
tt, ±M<D£5iC (001) fflJMWt^Ci^6, 
C(DBi 2 SrTa, 0 9 W&3 <D c ««S«*ffitC*f 
l/TSSr**,, CCt, «F#.3 attCGDB.i, SrT 
20 a 2 0 9 mm3<D-V~7JL~y bX&ZS r TaO, Mi 
^6, #^3 b»^0 7 + >^lr*SB i -OI4S 

[0074] c©?aRf5flqF»»tt^* y tcfci*r«, 

' Mg A 1 2 0« «i2ttS iSS 1 ■£l*aS&±tCtt=H& 
^ir^D, B i 2 S rTa, 0 9 »JH3, SrRuO 
3 II4WO'SrRu0 3 IIS^MgAl, 0 4 M 

m2 £mz%±icft*m&ox\,>2>. 
[007 simm^ + v^mecotffttux^ m%- 

Al 2 O a % Ce0 2 . YSZSrim^Ci* 
30 X£Z> 0 

[0 0 7 6] mvsmn&wtityimmxikz b i a s r 

Ta ; O, »B!3©»S1«3SCC*5W5cttS<D*»CDap 
»*EI2iC^-r. H2 6C^T«t^K:. COBi 2 SrT 

SrTaO, ■3a-(0±T#B i -OI3 bCcj:0 6iS 
*n/c»jS*WUrc^-5. CCDBi 2 SrTa 2 0 9 » 
M3tC*5l^r^, SrTaO, Jf 3 a T a - 0 

Affi»^ffSc##|pJ^<D^m^ffi^ % Bi-013 
b±ii*5'7uy*>#m&MtobXi,*Ztn&&C±ifi 

[0077] ic5t, i&mmft^mm&s * v s 

to«>SflfflJt (=^S^ffi (P P ) . 
(P. ) ) ^S^Ci, : fcJ:C>\ (E e > 

MM]|<1-^/cJ6^{J, Bi 2 SrTa 2 0 9 

mm3(o^um^^ -r^^mm^^mn^m 

50 ffl-rsCi3&i-C#SJ:^tc-r-SCi3&iMSt?*S Q 
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[0 0 7 8 ] ^c-c, cvmimn&wttcte^'azy B i 

, SrTa, O, iI3ra [^P^>^lAa^ . 

& b % $ 6 a $4£ /c« b #«HWlSlic «c & & J: 
COBi, SrTa, O, SJg 3 <Di5[aj^is6 6 
ntl^o C<D£#(DB i , S r Ta 2 0 9 9Bt3<Dm 

hi? (e) ^mommmftm-rzv-j^-v h (srT 

aO a 13a) i)\ m^mm&^mct t (tCZfu * io 

yji (b i - on 3 b ) ias^jBtftjtr^aL/r^s 

[0 07 9] ^CC, ±3i<Dcfc^tC«fiS$n/cCCD^l|| 

[0 080] ST. S ilSl JbCC, MgA 1 2 0< 
J82*j<fc^B i" a SrTa, O, «K3*JB#xfc:** 

mssm. 749-753 (1990)) o COJgjStt^ffiKI ASjffilR 

r heed (mmmm+^m) wmz*~z?z 

[008 1 ];XCC, Bi, SrTa, 0 9 *Jg3£x? 
9->#t,C£K)ffim}ttiCJ*Z-~>?-r2 >0 .30 
[0 0 8 2] ^XCC, SrRuO, i5J@i (^thT) £± 

mmcomzte, ^<ti>Bi 2 srTa 2 o 9 mm 3. 

[0 08 3 ] ^CCC, CCDS r RuO, SHitcUt?^ h 

? * > y cc j: *) mfcmwtcttL -cmsttnic cn^ou 

^h^O'SrRu0 3 Il^x^^^m. C 40 
©i7^<9^tt, Bi, SrTa, O, II.3 01I 

&xaLtcm*v&±TZo ctuctoT. Bi, sr 

Ta, 0 9 8R3 ©UPJ08»{c^iM g A 1 , 0« 
ifJH 2 JL&C COB i , S r Ta, 0 9 WJH3CDfflllfiCC«. 
HtltSrRuO, »«4fcJ:tfS r RuQ a »BI5-# 

[0 0 8 4] ^CC V B i, SrTa- a -0, »JK3.-Sr. 
RuO a »M4*J<fcVS r RuO J JSPH.5±«:««+ + 
*:/JB6*J5fcfiS-e£. C *^JH 6 ©JiKfiCC 
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[0 0 8 5 ] «±CCJ:0, gfft£TS^ti(^ifl£14 

[0 0 8 6 ] ccr, mvfl^flBM&y^yccbtt* 
[0 0 8 7 ] y -*«sfc*i*±-r sfctt. sera cuss 

( I -V) «Ftt*H5CC^T. 

[0 0 8 8 ] m$fr 1 0 0 nmffgK:^Lfccb^O& 

©^ss«tt«iKo«3^ifiiK:#arsttatt©®:« 1 o 

J:0fc4>&(,\, COit©S«S(W»^tyo I 
-V#tt£^7Ct^T 0 07 4a5itb©T-S<tW6^ 

5l>ttt>i y - ^mSK«, «ffifflccAo ro^tefitt 

©»*s"l 0ffl«±"C**<!:#<Dy-^SS6i:0«>^< ft 

ore**. 

[0 0 8 9] Jl£#£6frcM4>0T5 OnmKTfcft^ 

«R«tt^ffl«tt^^£y<b I -V^Ftt4^9 0C^To H 
9 4^5fc^pfH7itkf5t-SiBJ6^i:^K:. »K 

«<WK^#isa^*&i*©y-^«»« % sriim* 
[0090] :*xiiC. %m&{£<Dy jxm^c^xwiw 

«JCC«. WAttBaT i O, <Dm&te0. 1 umVCFV 

[0 0 9 i] 5 & y - * s»4d j: o'-y- >r 

WJ8<tUr«efl©B i, S.rta,' O, »IS3 Srffl^ 
& C £ 'tt, aSIK^iVJKOJItd J&U 0 0-2 0 0 nml 

[0 09 2 ]^COS1 li3iffi«CC^S?SR«flqF»»tt> 
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zz> 0 r%:t>%, mmtbxmi^tizs r Ruo s m 

m3te£VS r Ru0 3 MBAte. Ms A 1 , 0 4 ISM 

m B B ©B i , SrTa, O, II3$:ffl 
l^CiWl H^fHIgggt, iT&fr^Bi, SrTa 

£/c, =;>C7Cl^^Xja*(Cj:SB i , SrTa 

, o 9 mm3<D%mm&<D&{t*tfi±Tz>c t&x~%. 10 
**- 

[o b 9 3 ] jet±©cfc^cc,.co»in»fwccj:n«, 

mm&FUzms*: y *7jk-?mwmx$>z>. 20 
too95]iio ttTjkTJ: *> (tc, c©eans«^ffl« 

tt^-tyCCfc^rtt* Sil«l l±tCMgAl 2 o 4 

»bii 2^a»sn. coMgAi, o 4 mmi 2±Ldc 
mmmvio (PbTio, ) n / (b i, o 3 ) . 

-?1 3^11?ntC^ e CCD (PbTi O, ) n / 

5.'C©(PbTiO, ) n / (Bi, 0 3 ) . iB«^." 
1 3©SBJ©SS»CC4d^^Mfir A 1 , 0 4 111 2±CC 
fctS rRuO, im I 4*5<J:tfS rRu0 3 SH5 . 
(PbT i 0 3 ) „ / (Bi 2 O a ) . jB«HFl 3 30 

owwsccgursjisnri^. cne>osrRuo 3 . 
mmi 4*j:cfs r Ruo, 5», ^-n^tims 

(PbT i 0 3 ) „ /(Bi, O 

3 ) . ffi&*l 3/SrRuO, III 4*J<tCfS r R 
uO a SMI 5CD±Cctt. «+r^H 6^1I2 

[0 09 6] CCT, S iltl lWO'MgA 1, O 

4 iSJSi 2«, i^rnfe (ioo) mjj&zmrz. s 

rRuO, SiMfciO'SrRuO, fBJR 1 5 l> 

(ioo) iM^wts. sissir 40 
[0 0 9 7 ] co?»»a»^»ifett>r ^ y tefc^rw:, 

MgAl, 0 4 SRI 2teS i»«l 1 £«&355:£lO» 
^LtfcO, . (PbTiO, ) „ / (B i, 0 3 ) 
. ^13, SrRuO, HUWySrRuO" 

3 mm 1 5 «m ? a 1 , o 4 *Bi 1 2 <b«tf^±cctt* 

[ 0 0 9 8 ] t ^B"l 6 O ttt. 

It Al, O, , CeO, , YSZfti'4fflMCi*i 50 
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[00 99] (PbTiO, ) „ / (Bi, 0 3 ) . ffl 
3«, »SI*ttK^«fflHR-C*^B i, O, Ml 

1 3 afcJ:^lfmMftSIr*^Pb Ti0 3 I 
■ 1 3 b*325tcaJiL/cfc<Dr*S. CCT\ Bi, 
0 3 II13a »aBllt0^P *j*r>#m& L/« 
T£, C©»^ 5ft»«tt*ffl5PbTi O, 1113 
btt. JiKffiB&tt (001) f©c$i«- 

i/a&siH-efcttffofcatt (ioo) wjimcmti,. 

(ioo) ffi^fi^raa»©a^ffl^it»j^sA: 
wr % 35±k: (ioo) B*fl:6c«ft6Scco-. eft 

[0100] ±Mi<DJ:5(<imf&2ii.tcC(Dm2mM$Mc 

jtzmBn^m^jt^vemmiymz. Bi, sr 

Ta, O s Mmi 4<DRtit)<tC (PbT i O, ) n / 
(Bi, 0 3 > . iBtS^l 3^S$t^C<i:^ 

r v m i **«cc J: ^^mtt^s^tt^ * y ©fSi§# 

[oio i] comzmmmtczti^ mimmmtm 
ate. mfctft^wi. 3&^<iatt©ifti^»^fc«js 

C©*§£\ (PbTiO, )„/ 

(b i, o 3 ) ■ att^i 3.cc**ns»as«{tiwfc»' 

Ilr^SBi, 0 3 Jll 3a«fft©^P ^> 
l»5PbTi0 3 113b ©9Wt«tt%^fiK:?Sc»r * 

[0102] «±; c<D^m<ommm^^m,^m^m 
[oio3] «^.«, ±»©»rj»«*i<tiypai2i8» 

WCfe^r^, lliltSrRuO, $14; 5. 1 

GcmtfSr, RuO, iJg^rU^. 
[0104] 

vxmmv8tmmt*Mimmm±. *©tx7x»i« 
so tsw en/cm i <c*gnt£st{ t^siMfc J: cxm 2 CO 

[0 105] c&ftwomz&ftwtcjzti^ wjziy 
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nm CX RW 6 txtcm 1 <D«Sl£Btffc«ffR**J: aw 2 

m i ] z<D¥m<om immmdc^hwmmw^mm& io 

i 2 SrTa 2 0 9 <Dl&&til&&mTWam'Vih2>. 



[SI ] 
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[0 6] *«a^»^y^ey{cfcws?ssw(«»jR 
[07] H 6 cc^r?^«fl^:»»l4y*y 

[0 9 1 ms fcTxr&wmtttmm&s^vomffi-^ 
tt^*«;*^rwffi0-c*s. 

1.11 Silg 

2.12 MgrA 1 , o 4 mm 
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